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Vapor Pressures of Organic Compounds in the

Range B^low One Millimeter of Mercury.

By

E. E. Hughes and S. G. Lias

Data for vapor pressures less than one millimeter of

mercury for over three hundred organic compounds have been
collected. The values are presented in tabular form. No
attempt has been made to evaluate the reliability of these
data except where several investigators have studied the
same compound over the same pressure range. A brief dis-
cussion of the methods and instruments which have been used
to measure low vapor pressures is included.

1. Introduction

Comparatively few determinations of the saturation vapor pressures
of pure organic compounds have been made in the pressure region below one
millimeter of mercury. Vapor pressures greater than this have been
thoroughly studied and available data have been rather completely tabu-
lated [87,101]. No such comprehensive collection of the data has been
made for compounds with lower vapor pressures, probably because of the
lack of data and because of the difficulty of assessing the reliability
of the few methods suitable for measuring these low pressures. The
following table is a collection of available published data. No attempt
has been made to evaluate the reliability of these data, except in the
few cases where several investigators have studied the same compound
over the same pressure range.

A brief discussion of the methods and instruments which have been
used to measure low vapor pressures precedes the table. The remarks on
methods and recent developments supplement the review of Ditchburn and
Gilmour [3^].

2. Methods and Instruments

2.1 Gas Saturation. - This method depends on measuring the quantity
of a volatile substance necessary to saturate a fixed volume of an in-
different gas. Usually the substance whose vapor pressure is to be deter-
mined is contained in a saturator held at a fixed temperature. An inert
carrier gas is passed through the saturator and the amount of material
removed from the saturator is determined. The partial pressure of the
substance, and consequently, its saturation pressure at the particular
temperature, can then be easily calculated.

The method is simple and has been used frequently for determining
low pressures [11,13]. There are, however, many sources of error and
great care in the design and use of the apparatus is essential. It is

one of the few methods that can be used at low temperatures.



2.2 Mass Spectrometry. - Tickner and Lossing [104,105] have used
the mass spectrometer to measure vapor pressures of a number of compounds
at low temperatures. The instrument is empirically calibrated for each
compound. A saturator containing the substance at a fixed temperature
is connected to the instrument and the concentration of the substance
in the vapor space over the liquid is determined.

The major advantage of this method is that the presence of impurities
can be easily recognized. Their effect can often be minimized by selection
of a mass number characteristic only of the substance being investigated.
Other instrumental methods, such as non -dispersive infrared spectrophoto-
metry and gas chromatography, may be used in a similar way to measure the
vapor concentration, provided their sensitivity for the substance is
sufficiently high.

2.3 Effusion and Evaporation. - Knudsen [5^-57] showed that under
certain circumstances the rate at which a substance effuses through an
orifice is a function of the temperature, its molecular weight, and the
pressure drop across the orifice. Methods, based on some modification of
Knudsen' s method, have been the primary methods for determining the low
vapor pressures of many organic and most of the inorganic compounds.
These methods are simple, and the amounts of material and time required
are generally small.

The effusion method depends rather critically on certain dimensional
factors and, because of this, it has not been used at temperatures much
below room temperature. One requirement is that the orifice have a
diameter less than one -tenth of the mean free path of the molecules of

the substance. At high temperatures and low pressures, diameters as

large as a half centimeter have been used, but at low temperatures the

orifice must be considerably smaller. Small orifices are in reality
short tubes as compared with orifices of larger diameter, and the simple
laws of effusion through orifices no longer apply [88,109]. Clausing

[27,28] determined theoretically the effect of varying the ratio of the
length of tube to its diameter, but no thorough experimental study of
the validity of the "Clausing factors" has been published.

The Knudsen method depends ultimately on determining the mass flow
of the substance through the orifice. In the simplest methods, the sub-
stance is contained in a small crucible which is covered with a lid
pierced with an orifice of known diameter. The mass of material lost
from the crucible during a measured time interval is determined by weigh-
ing the crucible or by collecting the effused material. The weight loss
can be conveniently followed by suspending the crucible from a micro

-

balance [16,17,76,106]. Instead of measuring the mass effusing, it is

possible to measure the force exerted by the effusing vapor. The effusion
cell can be calibrated with a substance of known vapor pressure and the
vapor pressure of the unknown can be calculated from the reaction force

[9,69].



A recent technique for determining the vapor pressure of inorganic
substances depends on the "counting" of radioactive isotopes in the

vapor effusing from a Knudsen cell. This has been used only for inorg-
anic substances [67].

Langmuir [59] nas proposed a modification of the Knudsen method
which can be used to determine very small vapor pressures. The vapor
pressure can be calculated from the rate of evaporation from a surface

of known area. This modification is more easily applied to metals and

other substances having very small vapor pressures, than to organic com-
pounds.

2.4 Thermal Conductivity. - Delaplace [33] measured the thermal

conductivity of the vapor phase of a saturated system and related this

to the concentration of the substance. He reported pressures as low as

one micron. His values agree fairly well with those of other investi-
gators who have studied the same compounds over the same temperature
interval [15,105].

2.5 Boiling Point Methods. - Several methods are available in
which the boiling points of substances are measured at low pressures

[43, 45]. An inert and noncondensible gas is contained in the system at
low pressure. The evolution of vapor from the liquid being studied in-
creases abruptly when the vapor pressure equals the pressure of the
residual gas. The method is accurate, but its use has been limited by
difficulties encountered in the design of suitable apparatus and in the
measurement of temperature.

2.6 Mechanical Methods. - McLeod gages and oil manometers are
generally unsuitable for measuring condensible gases at low pressure,
although several excellent determinations of vapor pressure have been
reported [10, 15]. Oil manometers have limited use because of the signi-
ficant vapor pressures of the manometri'c fluids and the solubility of
many substances in these oils. Several modifications have been reported
[11,44,62], but in general they can be used only at higher pressures.

These methods are particularly sensitive to errors caused by the
difference in temperature between the sample and the measuring instru-
ment. The errors are often quite large and must be carefully evaluated.
A theoretical treatment of this effect, which may also affect other
methods, is presented by Liang [60,6l],

The Rodebush manometer measures the force required to lift a "lid"
which is subjected to the vapor pressure of a substance on one side and
to a high vacuum on the other [8,85,86].

Tube gages that operate like Bourdon tubes have been used for meas-
uring very low pressures [49]. The deflection of the tubes, usually of
quartz, is quite small and is measured with a microscope.



2.

7

Dew Point Methods. - The temperature at which a substance
just begins to condense can be used to calculate its concentration in

the vapor phase. If its partial pressure in the vapor phase is known,

a determination of the "dew point" can be used to determine directly
the temperature at which the particular pressure corresponds to the

vapor pressure. Several applications of this method have been reported

[51,112], but the accuracy of the method is doubtful.

2.8 Measurement of Ion Currents. - Methods that depend on the
measurement of ion currents have long been used for measuring low press-
ures. The methods require an empirical calibration for each substance
and this restriction limits their use in determining vapor pressures
[42].

2.

9

Viscous Damping. - The rate of damping of a vibrating quartz
fiber can be related to the pressure of a gas in the system containing
the fiber [28,58]. Several applications of this method have been re-
ported [1-7,25].

3. Table

3.1 Treatment of Data. - The saturation temperatures given in the
table were obtained either by direct calculation from logarithmic equa-
tions or by graphical interpolation of the data presented by the original
worker. The temperature range specified for a compound is approximately
the experimental range reported by the investigators. In most cases,
sufficient data were available to allow the calculation of at least three
points without exceeding the experimental pressure range by more than a

half order of magnitude. In a few cases, data were reported at only one
temperature. These have been included in the table with appropriate
otation.

The state, solid, or liquid, for which the data were collected is

indicated by the notation following the compound name. Melting points
are given only when the tabulated data pass through this point.

No attempt has been made to evaluate the methods, except in those
cases where the data of several investigators concerning a single com-
pound have disagreed. The final value selected was an average based on
the expected reliability of the several methods and the general care
taken in selecting materials and in reporting data. The number of signi-
ficant figures was chosen for uniformity and does not reflect the pre-
cision of the original measurements.

Original references were always consulted when available. In some
instances, it was necessary to rely on information obtained from ab-
stracts or from other sources. For some compounds, data of a particular
investigator are not included in the table, but the work is listed among
the references because of its interest.



3.2 Listing of Compounds. - Compounds are listed by empirical
formula. The order is determined first by the number of carbon atoms,
secondly, by the number of hydrogen atoms, and finally, by the symbols
of the remaining elements taken in alphabetical order. The names of
compounds are those recommended by the International Union of Pure and
Applied Chemistry (76a), except where the common name is preferable.
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